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(54) TItte: MULTI-LAYER FORMING FABRIC WTIH STTTCHING YARN PAIRS INIEGRATED INTO PAPERMAKING SURFACE 

(57) Abstract 

A multi-layer 
pq)ermaker's forming fabric 
of the present invration 
utilizes stitching yams in tiie 
papermalcing surface. The 
fabric of the present invention 
is formed of repeating units, 
each of which comprises: a 
set of top macliine direction 
yams; a set of bottom 
machine direction yams; a 
set of bottom cross-machine 
dhection yams inteirwoven 
with die set of bottom machine 
direction yams; and pahs 
of first and second stitching 
yams extending in the 
ctoss-madiine direction. Hie 
first and second stitching yams 
of each pair are interwoven 
wldi the top and bottom 
machhie direction yams such 
diat, as a fiber support portion 
of die first stitching yam is 
intenveavbig with die top 
machine dkection yams, a 

binding portion of the second stitching yam is positioned below the top macUne direcdon yams, and such diat as a fiber support portion 
of the second stitching yam is hiterweaving with die top machine direction yams, a bhiding portion of die first Undfaig yam is positiOTed 
below die top machine direction yams. The first and second stitching yams cross each otiier as diey pass below a transitional top machhie 
dhBction yam. Each of die bindhig portions of tiie first and second stitching yams passes below at least one of die bottom machhie 
direction yams. The fiber support portions of the stitching yams and the top machhie dkection yams fomi dw papecmaking surface. 




FOR THE PURPOSES OP INFORMATION ONLY 
Codes used to identify States party to the PCT on die front pages of pamphlets puUisbing intemational applications und«a- the PCT. 



AL 


Albanii 


ES 


AM 


Aimenia 


FI 


AT 


Atucria 


FR 


AU 


Australia 


GA 


AZ 


Azerbaijan 


GB 


BA 


Bosnia and Herzegovina 


GE 


BB 


Beibadoa 


GH 


BE 


Belgium 


GN 


BP 


Bmkina Piuo 


GR 


BG 


Bttlgazia 


HU 


BJ 


Beniii 


IB 


BR 


Bnzfl 


IL 


BY 


Belarus 


IS 


CA 




IT 


CF 


Centra] Airican Republic 


JP 


CG 


Congo 


KB 


CH 


Switzerland 


KG 


a 


COtedlvotre 


KP 


CM 


CUncioon 




CN 


Oilna 


KR 


CU 


Cuba 


KZ 


CZ 


Czech Republic 


LC 


DB 


GemuBiy 


U 


DK 


Denmailc 


LK 


BB 


Bitonia 


LR 



Spain 
Finland 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Rnngaiy 



lanel 

Italy 

J^pan 

Kenya 

Kyigyzatan 

Democtatic Peoplc'a 

Republic of Korea 

R^ublic of Korea 



Saint Luda 
Lio 
Sri 



LS 
LT 
LU 
LV 
MC 
MD 
MG 
MK 

ML 
MN 
MR 
MW 
MX 
NE 

^a. 

NO 
NZ 
PL 
FT 
RO 
RU 
SD 
SB 



Lesotho 



Luxexnbouig 
Latvia 



Republic of Moldova 
Kbdagascar 
The former Yugoslav 
Republic of 1 
MaU 



MUnri 
Mexico 
Niger 

Netheilanda 
Ncfway 
New Zealand 
Poind 



SI 


Slovenia 


SK 


SlovakU 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


lY^kbtan 


TM 


Turkmenistan 


TR 


"HnkBy 


TT 


IVinidad and Tobago 


UA 


Ukrafaie 


UO 


Uganda 


US 


United States of Affleilea 


uz 




VN 


Viet Nam 


YU 


Yugoslavia 


ZW 


ZhnbaibwB 



Russian Federation 

Sudan 

Sweden 



wo 99/06d30 



PCT/US97/18627 



MULTI-LAYER FORMING FABRIC WITH 
STITCHING YARN PAIRS INTEGRATED INTO 
PAPERMAKING SURFACE 

Field of the Invention 

The present invention relates generally to papennaking, and relates more 
specifically to fabrics employed in psQsemiaking. 

Baclcground of the Invention 

In the conventional fourdrinier papennaking process^ a water sluny, or 
suspension, of cellulosic fibers (known as (he paper "stock") is fed onto the top of the 
upper run of an endless belt of woven wire and/or synthetic material that travels 
between two or more rolls. The belt, often referred to as a "forming fabric," provides a 
papermaking surface on the upper surface of its upper run which operates as a filter to 
separate the cellulosic fibers of the paper stock fi*om the aqueous medimn, thereby 
forming a wet paper web. The aqueous medium drains through mesh openings of the 
forming fabric, known as drainage holes, by gravity or vacumn located on the lower 
surface of the upper run (i^, the "machine side") of the fabric. 

After leaving the forming section, the p^er web is transferred to a press 
section of the paper machine, where it is passed through the nips of one or more pairs 
of pressure rolls covered with another fabric, typically referred to as a "press felt." 
Pressm*e fi-om the rollers removes additional moisture from the web; the moisture 
removal is often enhanced by the presence of a "batt" layer of the press felt. The 
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paper is then transferred to a drier section for further moisture removal. After drying, 
the paper is ready for secondary processing and packaging. 

Typically, papermaker's fabrics are manufactured as endless belts by one of 
two basic weaving techniques. In the furst of these techniques, fabrics are flat woven 
by a flat weaving process, with their ends being joined to form an endless belt by any 
one of a number of well-known joining methods, such as dismantling and reweaving 
the ends together (conimonly known as spUcing), or sewing on a pin-seamable flap or 
a special foldback on each end, then reweaving these into pin-seamable loops. In a 
flat woven papermaker's fabric, the warp yams extend in the machine direction and 
the filling yams extend in the cross machine direction. In the second technique, 
fabrics are woven directly in the fomi of a continuous belt with an endless weaving 
process. In the endless weaving process, the warp yams extend m the cross machine 
direction and the filling yams extend in the machine direction. As used herein, the 
terms "machine direction" (MD) and "cross machine direction" (CMD) refer, 
respectively, to a direction aligned with the direction of travel of thep^^emiakers' 
fabric on the papennaking machine, and a direction parallel to the fabric suifece and 
traverse to the direction of travel. Both weaving methods described hereinabove are 
well known in the art, and the term "endless belt" as used herein refers to belts made 
by either method. 

Effective sheet and fiber support and an absence of wire maridng are 
important considerations in papennaking. especiaUy for the forming section of the 
papermaking machine, where the wet web is initially fomied. Wire marking is 
particularly problematic in the formation of fine paper grades, as it affects a host of 
paper properties, such as sheet mark, porosity, see through, and pin holing. Wire 
marking is the result of individual ceUulosic fibers being oriented within the paper 
web such that their ends reside within gaps between the individual threads or yams of 
the forming fabric. This problem is generally addressed by providing a permeable 
fabric structure with a coplanar surfece that allows paper fibers to bridge adjacent 
yams of the fabric rather than penetrate the gaps between yams. As used herein, 
"coplanar" means that the upper extremities of the yams defining the paper-forming 
surface are at substantiaUy the same elevation, such that at that level there is presented 
a substantially "planar" surfece. Accordingly, fine paper grades intended for use in 
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quality printing, carbonizing, cigarettes, electrical condensers, and like grades of fine 
paper have typically heretofore been formed on very finely woven or fine wire mesh 
forming fabrics. 

Regrettably, such finely woven forming fabrics often are delicate and lack 
dimensional stability in either or both of the machine and cross machine directions 
(particularly during operation), leading to a short service life for the fabric. In 
addition, a fine weave may adversely effect drainage properties of the fabric, thus 
rendering it less suitable as a forming fabric. 

To combat these problems associated with fine weaves, multi-layer forming 
fabrics have been developed with fine-mesh yarns on the p^er forming surface to 
facilitate paper fomation and coarser-mesh yams on the machine contact side to 
provide strength and durability. For example, fabrics have been constructed to 
include one febric layer having a fine mesh, another fabric layer having a coarser 
mesh, and stitching yams that bmd the layers together. These fabrics, known as 
•^triple layer** fabrics, are illustrated in U.S. Patent No. 4,501,303 to Osterberg, U.S. 
Patent No. 5,152,326 to Vohringer, and U.S. Patent No. 5,437.315 to Ward. 

Although diese fabrics have performed successfully, they have some 
shortcomings that relate to the inclusion of the stitching yams. In a typical triple layer 
forming fabric, one or more stitching yams are positioned between some of the CMD 
yams of the top and bottom layers and interwoven with the top and bottom MD yams. 
In such a constraction, portions of the stitching yams form part of the papermaking 
surface of the fabric. As a result, the appearance of paper formed with the fabric caii 
be affected (sometimes adversely) by the presence of the stitching yams. 

In addition, triple layer fabrics have proven to have problems with interlayer 
wear. As the fabric is used on a paper machine, the top and bottom layers tend to shift 
relative to one another, both in the machine direction and the cross machine direction, 
due to the tension imparted to the fabric by the rolls. This effect is exacerbated on 
paper machines, such as the so-called •'high-wrap" machines, that include multiple 
rolls, including some which contact the top layer of the fabric. This shifting can cause 
the fabric to wear and decrease in thickness, which can adversely affect the drainage 
of the fabric and, accordingly, its perfomiance in papermaking. In many instances, it 
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is this interlayer wear, rather than the wear of the machine side surface of the fabric 
machine against the paper machine, that determines the longevity of the fabric. 

Further, because the stitching yams of a triple layer fabric have a different 
weave pattern than the top CMD yams (i.e., they intenveave with the bottom CMD 
yams also, whereas the top CMD yams do not), there can be dijETerences in tension 
between the stitching yams and the top CMD yams. These differences can induce the 
fabric to distort out-of-plane, which can in turn reduce the quality of paper produced 
with the fabric. 

Also, the stitching yams of a triple layer fabric should be sufficiently strong 
and durable to bind the top and bottom layers and to resist the wear and abrasion 
conditions that the bottom layer experiences while in contact with the paper machine, 
yet should be delicate enough to produce high quality paper. This balance can be 
quite difficult to strike. 

Summary of the Tnventinn 
In view of the foregoing, it is an object of the present invention to provide a 

multi-layer forming fabric constmction with little distortion in the top fabric layer. 
It is also an object of the present invention to provide a multi-layer forming 

fabric construction that produces a high quality paper. 

It is another object of the present invention to provide a multi-layer forming 

fabric construction that maintains the top and bottom layers in a tightly bound 



It is a further object of the present invention to provide a multi-layer forming 
fabric that addresses the problem of interlayer wear. 

These and other objects are satisfied by the present invention, which relates to 
a m\ilti-layer papermaker*s forming fabric that utilizes stitching yams in the 
papermaking surface. The fabric of the present invention is formed of repeating units, 
each of which comprises: a set of top machine direction yams; a set of bottom 
machine direction yams; a set of bottom cross-machine direction yams interwoven 
with the set of bottom machine direction yams; and pairs of first and second stitching 
yams extending in the cross machine direction. The first and second stitching yams 
of each pan- are interwoven with the top and bottom machine direction yams such 
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that, as a fiber support portion of the first stitching yam is interweaving with the top 
machine direction yams, a binding portion of the second stitching yam is positioned 
below the top machine direction yams, and such that as a fiber sxipport portion of the 
second stitching yam is interweaving with the top machine direction yams, a binding 
portion of the first binding yam is positioned below the top machine direction yams. 
The first and second stitching yams cross each other as they pass below a transitional 
top machine direction yam. Each of the binding portions of the first and second 
stitching yams passes below at least one of the bottom machine direction yams. The 
fiber support portions of the stitching yams and the top machine direction yams form 
the papermaking surface, which includes no more than 33 percent, and preferably is 
free ofj cross machine direction yams that fail to pass below at least one bottom 
machine direction yam. hi this configuration the stitching yams both stitch the 
bottom layer to the top machine direction yams and form a significant portion of the 
papermaking surface. 

. In a preferred embodiment, the fiber support portions of the stitching yams 
form a plain weave papermaking surface with the top machine direction yams. In 
another preferred embodiment, they form a 1x2 twill papermaking surface. In each 
mstance, the density of stitching yams tightly and reliably binds the layers of the 
fabric. 

Brief Description of the Figures 
Figure 1 A is a top view of an embodiment of a 20 hamess multi-layer forming 
fabric of the present invention having a plain weave top surface. 

Figure IB is a top section view of the bottom surface of the fabric of Figure 

1. 

Figures 2A through 2 J are section views of the stitching yams of the fabric of 
Figures lA and IB. 

Figure 3 A is a top view of a 24 hamess multi-layer forming fabric of the 
present invention having a 1x2 twill top surface. 

Figure 3B is a top section view of the bottom surface of the fabric of Figure 

3A. 
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Figures 4A through 4F are section views of the stitching yams of the fabric of 
Figures 3A and 3B. 

Detailed Description of the Preferred Embodiments 
5 The present invention will be described more particularly hereinafter 

with reference to the accompanying drawings. The invention is not intended to be 
limited to the illustrated embodiments; rather, these embodiments are intended to fully 
and completely disclose the invention to those skilled in this art. 

A 20 harness multi-layer forming fabric, generally designated at 10, is 
10 illustrated in Figures 1 A and IB, in which a single repeat unit of the fabric is shown. 
The repeat unit of the fabric 10 includes ten top MD yams 11-20, ten bottom MD 
yams 21-30, ten bottom CMD yams 31-40, and stitching yam pairs 41a, 41b through 
50a, 50b. 

Referring first to Figure IB, a repeat imit of the bottom layer of the 

15 fabric 10 is shown. The bottom MD yams 21-30 are interwoven with the bottom 

CMD yams 31-40 in a harness satin type pattern, with each bottom CMD yam 
passing above one bottom MD yam, below four bottom MD yams, then repeating this 
"over 1/under 4" pattern. For example, bottom CMD yam 31 passes above bottom 
MD yam 21, below bottom MD yams 22-25, above bottom MD yam 26, and below 

20 bottom MD yams 27 through 30. The other bottom CMD yams follow the "over 
1/under 4" weave pattem, but each is offset from its nearest bottom CMD yam 
neighbors by two bottom MD yams. Consequently, bottom CMD yam 32 passes 
below bottom MD yams 21 and 22, above bottom MD yam 23, below bottom MD 
yam 24 through 27, above bottom MD yam 28, and below bottom MD yams 29 and 

25 30. Thus the "knuckle" formed by bottom MD yam 23 as it passes below bottom 

CMD yam 32 is offset from the "knuckle" formed by bottom MD yam 21 as it passes 
over bottom CMD yam 31 by two bottom MD yams. 

Referring now to Figure lA, the top layer of the fabric 10 is formed by 
the top MD yams and by portions of the stitching yam pairs. As can be seen in Figure 

30 1 A, the stitching yams and the top MD yams combine to fomi a plain weave top 
surface. The interweaving of the stitching yams and the top and bottom MD yams 
can be understood by examination of Figures lA and 2A through 2J. 
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Each of the stitching yams of the repeat unit can be subdivided into 
two portions: a fiber support portion that interweaves with the top MD yams, and a 
binding portion that interweaves with a bottom MD yam. These are separated at 
"transitional" top MD yams, below which one stitching yam of a pair crosses the 

5 other stitching yam of the pair. The stitching yams of each pair are interwoven 

relative to one another such that the fiber support portion of one yam of the pair is 
positioned above the binding portion of the other yam of the pair. The fiber support 
portion of stitching yams of each pair designated with an '*a" (fi^, 41a, 42a, 43a) 
interweaves in an alternating fashion with five top MD yams (alternately passing over 

10 three top MD yams and under two top MD yams), and the other stitching yam of the 
pair (those designated with a "b'*) passes over two top MD yams while passing below 
a top MD yam positioned between those two MD yams. In its fiber support portion, 
each stitching yam passes over top MD yams that fiber support portions of stitching 
yams of adjacent pairs pass beneath, and passes below top MD yams that fiber 

15 siqpport portions of stitching yams of adjacent pairs pass over. In this manner, the 
stitching yams form a plain weave pattem with the top MD yams (see Figure 1 A). 

In its binding portion, each stitching yam passes below one bottom 
MD yam in the repeat unit. Each stitching yam passes below the bottom MD yam 
that is located between two knuckles formed by adjacent bottom MD yams over the 

20 bottom CMD yams that sandwich the stitching yam. The combined binding portions 
of the stitching yam pairs establish an "over 4/under V* pattem on the bottom surface 
of the fabric 10 (sfis Figure IB). 

The weaving pattem of the stitching yams is exemplified in Figure 21, 
which illustrates stitching yams 493^ 49b interweaving with top and bottom MD 

25 yams. In its fiber support portion, stitching yam 49a passes over top MD yams 11, 13 
and 15, and below top MD yams 12 and 14. It then passes below transitional top MD 
yam 16 and above bottom MD yam 26. In its binding portion, stitching yam 49a 
passes below top MD yams 17 through 19 while passing above bottom MD yams 27 
and 29 and below bottom MD yam 28 to stitch the bottom layer of the fabric 10. 

30 Stitching yam 49a then passes between top transitional MD yam 20 and bottom MD 
yam 30. Figure 21 also illustrates that stitching yam 49b is interwoven such that its 
binding portion is below that of stitching yam 49a; stitching yam 49b passes below 
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top MD yams 11 through 15 while passing above bottom MD yams 21, 22, 24, 25 and 
below bottom MD yam 23. In its fiber support portion, stitching yam 49b passes 
above top MD yam 17, below top MD yam 18 and above top MD yam 19, and below 
transitional top MD yam 20 to continue the alternating weave established by stitching 
5 yam 49a. 

As can be seen in Figures 2A through 2H and 2J (which dq}ict the 
interweaving patterns of the other stitching yam pairs with the top and bottom MD 
yams), the same pattern described hereinabove for the stitching yams 49a, 49b 
relative to each other is followed by the o&er stitching yam pairs. 

10 Referring back to Figures lA and IB, adjacent pairs of stitching yams 

are interwoven with the top and bottom MD yams such that there is an offset of three 
MD yams between such stitching yam pairs. For example, stitching yam 41 a passes 
above top MD yams 15, 17 and 19 and below bottom MD yam 32. Stitching yam 
42a passes above top MD yams 12, 14 and 16 and below bottom MD yam 39. Thus, 

15 stitching yam 42a is offset fiom stitching yam 43a by three top and bottom MD- 

yams. This same three MD yam offset is followed for the interweaving of the other 
stitching yams. 

It can also be seen in Figures 1 A, IB and 2A through 2J that the 
stitching yam pairs are interwoven with the top and bottom MD yams such that each 

20 "a" yam (the stitching yam that passes over three top MD yams) is positioned 

between two "b" yams (stitching yams that pass ov&r two top MD yams), and each 
^'b'* yam is positioned between two 'V* yams. This arrangement is demonstrated by 
examination of stitching yam pairs 41a, 41b, 42a, 42b. As shown in Figures lA and 
IB, stitching yam 41b is positioned between stitching yams 41a and 42a. As seen in 

25 Figures lA, IB and 2B, stitching yam 42a is positioned between stitching yams 41b 
and 42b. 

It has been discovered that this configuration is effective in improving the 
papermaking properties of the top surface of the fabric, particularly in regard to the 
transitional top MD yams. When a transitional yam passes over the stitching yams of 
30 a pair to form a top surface knuckle, that knuckle tends to receive less upwardly- 

directed support fix^m the stitching yams at that location than other locations on the 
top MD yam where it passes over a stitching yam or top CMD yam. As a result, that 
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knuckle tends to be positioned slightly lower than the other top MD knuckles. As 
seen in Figure 1 A, the knuckles formed by the transitional top MD yams define a 
series of broken diagonal lines; one example of this diagonal is formed by the 
knuckles formed by top MD yam 14 over stitching yam yams 41a, 41b and 433, 43b, 
top MD yam 15 over stitching yams 44a, 44b and 46a, 46b, top MD yam 16 over 
stitching yams 47a, 47b and 49a, 49b, and top MD yam 17 over stitching yams 50a, 
50b. The broken diagonal line delBned by these top MD yam knuckles may have a 
slight depression because of the . lesser upward support described above. Because the 
knuckles of this diagonal may all be positioned somewhat lower than the remaining 
top MD knuckles, ps^er formed on sudi a fabric can show this pattern, which can in 
turn afiTect images printed thereon. However, by including the stitching yams in the 
alternating fashion of an "a" stitching yam (which passes above three top MD yams) 
followed by a "b** stitching yam (which passes above two top MD yams), and by 
offsetting the '*a" and * V* yams as mdicated, the fiber support portions of stitching 
yams of adjacent pairs that are positioned on one side of closely positioned top MD 
knuckles (e. g .. the fiber support'portions of stitching yams 46b, 47a, which pass 
below the knuckles formed thereon by top MD yams 15, 16) are adjacent to each 
other, while the fiber support portions of their paired yams (i^ stitching yams 46a, 
47b) that are positioned on the other side of these knuckles are separated fit>m each 
other by the other stitching yams of the pair. As a result, the diagonal formed by the 
transitional top MD knuckles is disturbed somewhat and is less distinctly defined. As . 
such, paper formed on fabric 10 has a less distinct diagonal pattem due to these 
knuckles, and printing on the paper is improved. 

Those skilled in tiiis art will appreciate that the afore-described configuration 
is created in the fabric by weaving ihe stitching yams into the top and bottom MD 
yams so that the weaving of an **a" stitching yam of a pair precedes the weaving of 
the "b" stitching yam of the pair, then maintaining this sequence throughout the 
repeat unit. Although it is preferred that all of the stitching yam pairs follow this 
pattem, some benefit can be obtained by varying the sequence so that only a smaller 
percentage (for example 25, 33, 40, or 50 percent) of the stitching yam pairs follow 
this alternating sequence. 
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Those skilled in this art will also ^predate that other plain weave patterns in 
which the stitching yams are divided differently into fiber support portions and 
binding portions can be constructed. For example, the fabric can include a top layer 
in which each stitching yam of a pair passes over two, three, four or even more top 
5 MD yams in its fiber support portion. The stitching yams can pass over different 

numbers of top MD yams, or can pass over the same number. Of course, appropriate 
adjustment of the positioning of the bottom knuckles in the binding portions of such 
stitching yams should be made with changes to the stitching yam pattern on the top 
surface. 

10 Another embodiment of a multi-layer forming fabric of the present 

invention is illustrated in Figures SA, 3B and 4A through 4F, in which a repeat unit 
of a multi-layer forming fabric, designated broadly at 100, is illustrated. The repeat 
imit includes twelve top MD yams 101 through 112, twelve bottom MD yams 141 
through 152, six bottom CMD yams 161 through 166, and twelve stitching yams 

15 181a, 181b through 186a, 186b. 

Refeiring first to Figure 3B, the machine side surface of the fabric 100 
formed by the bottom MD and CMD yams takes the pattern of a ^'broken twill." Each 
bottom CMD yam has an **over 1/under 5" repeat pattem with the bottom MD yams. 
For example, bottom CMD yam 161 passes over bottom MD yam 141, under bottom 

20 MD yams 142 through 146, over bottom MD yam 147, and under bottom MD yams 
148 through 152. This "over 1/under 5" pattem is repeated by the remaining CMD 
yams. However, the bottom side knuckles formed by the bottom MD yams as Hxeiy 
pass below the bottom CMD yams are arranged in a broken twill pattem, with the 
bottom side knuckles being formed by bottom MD yams 141, 143, 145, 142, 146, 144 

25 on bottom CMD yams 161 through 166, respectively, and by bottom MD yams 147, 
149, 151, 148, 152, 150 on bottom CMD yams 161 through 166» respectively. As can 
be seen in Figure 3B, these knuckles fail to fomi a clear diagonal as is characteristic 
of twill fabrics, but instead form a "broken twill'* pattem. 

As shown in Figure 3A, the top surface of the fabric 100 has a 1x2 

30 twill pattem fomied by the top MD yams and portions of the stitching yams. As with 
the fabric 10 described earlier, each stitching yam has a fiber support portion and a 
binding portion; these are divided by transitional top machine direction yams, below 
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which stitching yams of a pair cross each other. The fiber support portion of each 
stitching yam follows an "over 2/under 1/over 2" pattern as it interweaves with the 
top MD yams. In its binding portion, each stitching yam passes between top and 
bottom MD yams with the exception of passing below one bottom MD yam. The 
bottom MD yam that is stitched is located either 1 or 2 MD yams away from the 
transitional MD yams that separate the fiber support and binding portions of each 
stitching yam. 

This pattern is exemplified by stitching yam 185a, the stitching pattem 
of which is illustrated in Figure 4E. Stitching yam 18Sa passes over top MD yams 
101 and 102, under top MD yam 103, and over top MD yams 104, 105 before passing 
below transitional top MD yam 106. In its binding portion, stitching yam 185a passes 
above bottom MD yams 147 and 148, below bottom MD yam 149 and above bottom 
MD yams 148, 149 before passing below transitional top MD yam 112. 

Pairs of stitching yams are interwoven with the top MD yams relative 
to one another such that their fiber support portions and the top MD yams fomi a 1x2 
twill pattem. Referring again to Figure 4E, and as described above, stitching yam 
185a passes above top MD yams 101, 102 under top MD yam 103, and over top MD 
yams 104, 105. Both stitching yams 185a, 18Sb pass below transitional top MD yam 
106, after which the fiber support portion of stitching yam 185b continues the over 
2/under 1 twill pattem first established by stitching yam 185a. In doing so, stitching 
yam 18Sb passes above top MD yams 107, 108, below top MD yam 109 and above 
top MD yams 110, 111 before passing below transitional top MD yam 112. 

Figure 5A demonstrates that the stitching yams are interwoven with 
the top MD yams such that a "over 2" segment of each fiber support portion is offset 
by one top MD yam firom the "over 2'* segments of stitching yams of adjacent 
stitching yam paurs that flank that stitching yam. For example, stitching yam 181a 
passes over top MD yams 102 and 103. The nearest top CMD yams, which are 121 
and 122, pass over top MD yams 101, 102 and 103, 104 respectively. Thus, the 
distinctive diagonal of a 1x2 twill is formed by the fiber support portions of the 
stitching yams. 

Figure 3B also illustrates how the stitching yams are stitched into the 
bottom MD yams. It can be seen in Figure 3B that the knuckle formed by each 
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Stitching yam as it passes below a bottom MD yam is positioned such that, in one 
direction, two bottom CMD yams reside between the stitching yam knuckle and the 
knuckle fomaed by that bottom MD yam over a bottom CMD yam, and in the 
opposite direction, three bottom CMD yams reside between the stitching yam knuckle 
and the next knuckle formed by that bottom MD yam over a CMD yam. For 
example, stitching yam 184a forais a knuckle as it passes imder bottom MD yam 141. 
The bottom MD yam 141 fomis a knuckle as it passes under bottom CMD yam 161, 
which is separated fix)m the knuckle fonned by stitching yam 184a by three bottom 
CMD yams (162, 163, 164). Continuing with the pattern m the other direction, 
bottom CMD yams 165 and 166 are positioned between the knuckle fonned by 
stitching yam 184a and the knuckle that would be fomied by bottom MD yam 141 
under the next bottom CMD yam after bottom CMD yam 166 (which would have the 
same weave pattern as bottom CMD yam 161). Thus, the stitching yam knuckle of 
stitching yam 184a is separated &om bottom MD yam knuckles by three bottom 
CMD yams in one direction and by two CMD yams in the other direction. 



present invention can be constracted with other twill pattems in the top layer. For 
example, a fabric can have a 1x3 or 1x4 twill top layer. Any of these twill pattems 
can be a conventional twill, such as that of the fabric 100, or can take a broken twill 
pattern, such as that of the surface of a conventional 4 or 5 hamess satin single layer 



yam pairs pass over different numbers of top MD yams. In each instance, the skilled 



stitching yams to accommodate differences in the fiber support portions. 

Those skilled in this art will recognize that, although the plain weave 
and twill fabrics illustrated and described in detail herein are preferred, other fabric 
weaves, such as other twill weaves and satins, that employ pairs of stitching yams 
integrated into the papermaking surface of a fabric with the top MD yams can also be 
made. It is also contemplated that, although the fabrics 10 and 100 illustratively and 
preferably are free of CMD yams that fail to pass below at least one bottom MD yam, 
fabrics of the present invention can also include some CMD yams that interweave 
only with top MD yams. These should comprise no more than 33 percent of the top 



Those skilled in this art will further appreciate that fabrics of the 



fabric. Fabrics can also be constracted in which fiber support portions of stitching 



artisan should understand the appropriate modifications to the binding portions of the 
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surface of the fabric (Lfi*, these should be no more than one of these CMD yams for 
every two pairs of stitching yams), and preferably should comprise no more than 25 
or 20 percent of the top surface, with a top surface being free of such CMD yams 
being most preferred. 

Any number of configurations of the bottom layer in which stitching 
yam pairs stitch the bottom MD yams can be used. In addition, although the 
illustrated fabrics have equal numbers of top and bottom CMD yams and stitching 
yam pairs, this need not be the case for the present invention; other ratios, such as two 
stitching yam pairs for each bottom CMD yam, can also be employed. 

The configurations of the individual yams utilized in the fabrics of the 
present invention can vary, depending upon the desired properties of the final 
papezmakers' fabric. For example, the yams may be multifilament yams, 
monofilament yams, twisted multifilament or monofilament yams, spun yams, or any 
combination thereof. Also, the materials comprising yams employed in the fabric of 
the present invention may be those commonly used in papermakers* fabric. For 
example, the yams may be formed of cotton, wool, polypropylene, polyester, aramid, 
nylon, or the like. The skilled artisan should select a yam material according to the 
particular £^plication of the final fabric. 

Regarding yam dimensions, the particular size of the yams is typically 
govemed by the size and spacing of the papermaking sur&ce. Generally, the diameter 
of the top MD yams is about equal to or smaller than the diameter of the bottom MD 
yams, and the diameter of the bottom CMD yams is somewhat larger than that of the 
bottom MD yams. In a typical fabric, the diameter of the top MD yams is between 
about 0.11 and 0.15mm, the diameter of the bottom CMD yams is between about 
0.20 and 0.40nmi, and the diameter of the bottom MD yams is between about 0.17 
and 0.25 mm. The diameter of the stitching yams is typically between about 0.1 1 and 
0.17mm. 

Yams may also vary advantageously in modulus of elasticity. For 
example, stitching yams that interweave with a fewer number of top MD yams than 
its paired stitching yam (such as the "b" yams of fabric 10) may have a higher 
modulus of elasticity (typically between about 10 and 50 percent higher) than its 
paired stitching yam. 
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As the foregoing discussion demonstrates, the fabrics of the present 
invention address problems encountered with prior art triple layer forming fabrics. 
The fabrics of the present invention utilize the stitching yams as the top surface of the 
fabric, whether it be a plain weave, a twill, a satin, or other pattern, and therefore 
avoid the marring of the ps^ennaking surface that can accompany the inclusion of 
stitching yams that comprise less of the papemiaking surface. The integration of the 
fabric attributable to the stitching yams also greatly reduces (if not eliminating 
entirely) interlayer wear. In addition, because the stitching yams comprise the 
papermaking surface, the differences in tension between top CMD yams and stitching 
yams of prior art fabrics that can distort the pspermaking surface are not present in 
the fabrics of the present mvention. The density of the stitching yams also provides a 
more complete binding of the top and bottom layers of the fabric, which can provide 
the designer with a wider variety of yam choices as the balance of paper forming 
properties and durability and wear. 

The foregoing embodiments are illustrative of the present invention, 
and are not to be constmed as limiting thereof. The invention is defined by the 
following claims, with equivalents of the claims to be included therein. 
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THAT WHICH IS CLAIMED: 

1 . A papermaker's fabric, comprising top machine direction yams, 
bottom machine direction yams, bottom cross machine direction yams, and sets of 
first and second stitching cross-machine direction yams, said fabric being formed in a 
plurality of repeating units, each of said repeating units comprising: 

a set of top machine direction yams; 
a set of bottom machine direction yams; 

a set of bottom cross-machine direction yams interwoven with said set of 
bottom machine direction yams; and 

pairs of first and second stitching yam extending in the cross machine 
direction, said first and second stitching yams of each pair being interwoven with said 
top and bottom machine direction yams such that, as a fiber support portion of said 
first stitching yam is interweaving with said top machine direction yams, a binding 
portion of said second stitching yam is positioned below said top machine direction 
yams, and such that as a fiber support portion of said second stitching yam is 
interweaving with said top machine direction yams, a binding portion of said first 
binding yam is positioned below said top machine direction yams, and such that said 
first and second yams cross each other as they pass below a transitional top machine 
direction yam, and such that each of said binding portions of said first and second 
stitching yams passes below at least one of said bottom machine direction yams; 

said fiber support portions of said stitching yams and said top machine 
direction yams defining a papennaking surface, said papermaking surface including 
no more than 33 percent of cross-machine direction yams that fail to pass imder at 
least one bottom machine direction yam. 

2. The papermaker's fabric defined in Claim 1, wherein fiber support 
portions of first alternate pairs of stitching yams pass over a first group of alternate 
top machine direction yams and xmder a second group of alternate top machine 
direction yams, and fiber support portions of second altemate pairs of stitching yams 
pass over said second group of top machine direction yams and xmder said first group 
of altemate top machine direction yams, said fiber support portions of said first and 
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second alternate pairs of stitching yams, said first group of alternate top machine 
direction yams, and said second group of alternate machine direction yams form a 
plain weave top surface of said fabric. 

3. The papermaker's fabric defined in Claim 2, wherein said fiber 
support portions of said first stitching yams pass over a first number of said machine 
direction yams, said fiber support portions of second stitching yams passes over a 
second number of said machine direction yams, and said first number differs firom 
said second number. 

4. The papennaker's fabric defined in Claim 3, wherein said first . 
number is larger than said second number, and wherein said second stitching yams 
have a higher modulus of elasticity than said first stitching yam. 

5. The psq)emiaker*s fabric defined in Claim 3, wherein said first 
number is three, and said second number is two. 

6. The papermaker's fabric defined in Claim 1, wherein said first and 
second stitching yams are of a smaller diameter than said top machine direction yams. 

7. The papermaker's fabric defined in Claim 1, wherein each of said 
binding portions of said fiist and second stitching yams passes beneath only one of 
said bottom machine direction yams. 

8. The p2q>emiaker*s fabric defined in Claim 1, wherein said repeat 
unit includes 10 top machine direction yams and 10 bottom machine direction yams. 



9. The papermaker*s fabric defined in Claim 1, wherein said top 
machine direction yams and said fiber support portions of said first and second 
stitching yams are interwoven in a repeating pattern such that each of said fiber 
support portions passes over a first pair of adjacent top machine direction yams, under 
a third top machine direction yam adjacent to said first pair, and over a second pair of 
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top machine direction yams positioned adjacent said third top machine direction yam, 
and wherein fiber support portions of adjacent stitching yams pass over top machine 
direction yam pairs that are offset by one top machine direction yams such that said 
top machine direction yams and said fiber support portions of said first and second 
stitching yams fomi a 1x2 twill pattem. 

1 0. The papermaker's fabric defined in Claim 1, wherein said 
papermaking surface is fiipee of cross machine direction yams that fail to pass below at 
least one bottom machine direction yam. 

1 1 . The papermaker's febric defined in Claim 1, wherein said stitching 
yams are interwoven with said top and bottom machine direction yams such that 
adjacent pairs of stitching yams cross beneath transitional top machine direction yams 
that are offset by three top machine direction yams. 



12. The papermaker's fabric defined in Claim U wherein between 25 
and 50 percent of said fixst and second stitching yams are alternately interwoven with 
said top machine direction yams. 
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13. A papennaker's &biic comprising top machine direction yams, bottom 
machine direction yams, bottom cross machine direction yams, and sets of first and 
second stitching cross-machine direction yams, said fabric being foraied in a plurality of 
repeating units, each of said repeating units comprising: 
5 a set of top machine direction yams; 

a set of bottom machine direction yams; 

a set of bottom cross-machine direction yams interwoven with said set of bottom 
machine direction yams; and 

pairs of first and second stitching yam extending in the cross machine direction, 
10 said first and second stitchmg yams of each pair being interwoven with said top and 

bottom machine direction yams such that, as a fiber support portion of said first stitching 
yam is interweaving with said top machine direction yams, a binding portion of said 
second stitching yam is positioned below said top machine direction yams, and such tiiat 
as a fiber support portion of said second stitching yam is interweaving with said top 
15 machine direction yams, a bindmg portion of said first binding yam is positioned below 

said top machine direction yams, and such that said first and second yams cross each 
othor as they pass below a transitional top machine direction yam, and such that each of 
said binding portions of said first and second stitching yams passes below at least one of 
said bottom machine direction yams, and such that between 25 and 50 percent of said 
20 stitching yams are alternately interwoven with said top machine direction yams; 

said fiber support portions of said stitching yams and said top machine direction 
yams defining a papermaking surface, said papemiaking surface mcluding no more than 
33 percent of cross machine direction yams that fail to pass under at least one bottom 
machine direction yam. 

25 

14. The papermaker's fabric defined in Claim 13, wherein fiber support 
portions of first alternate pairs of stitching yams pass over a first group of alternate top 
machine direction yams and under a second group of alternate top machine direction 
yams, and fiber support portions of second alternate pairs of stitching yams pass over 
30 said second group of top machine direction yams and under said first group of alternate 

top machine direction yarns, said fiber support portions of said first and second alternate 
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pairs of stitching yams, said iSrst group of alternate top machine direction yams, and said 
second group of alternate machine direction yams form a plain weave top surface of said 
fabric. 



support portions of said first stitching yam pass over a first number of said machine 
direction yams, said fiber support portions of second stitching yams passes over a second 
number of said machine direction yams, and said first number diJSers j&om said second 
number. 

16. The papermaker*s fabric defined in Claim 15, wherein said first 
number is larger than said second number, and wherein said second stitching yams have a 
higher modulus of elasticity than said first stitching yam. 

17. The papermaker*s fabric defined in Claim 15, wherein said first 
number is three, and said second number is two. 

18. The papennaker's fabric defined in Claim 13, wherein said first and 
second stitching yams are of a smaller diameter than said top machine direction yams. 

19. The papermaker*s fabric defined in Claim 13, wherein each of said 
binding portions of said first and second stitching yams passes beneath only one of said 
bottom machine direction yams. 

20. The papermaker's fabric defined in Claim 13, wherein said repeat unit 
includes 10 top machine direction yams and 10 bottom machine direction yams. 

21. The papermaker's fabric defined in Claim 13, wherein said stitching 
yams are interwoven with said top and bottom machine direction yams such that adjacent 
pairs of stitching yams cross beneath transitional top machine direction yams that are 
offset by three top machine direction yams. 



15. The papemiaker's fabric defined in Claim 14, wherein said fiber 
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22. The papennaker's fabric defined in Claim 13» wherein said 
papennaking surface is free of cross machine direction yams that fail to pass below at 
least one bottom machine direction yam. 
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23. A method of making p^er, comprising the steps of: 
(a) providing a psqpeimaker's fabric, said fabric comprising top 
machine direction yams, bottom machine direction yams, bottom cross machine direction 
yams, and sets of first and second stitching cross-machine direction yams, said fabric 
S being formed in a plurality of repeating units, each of said repeating units comprising: 
a set of top machine direction yams; 
a set of bottom machine direction yams; 

a set of bottom cross-machine direction yams interwoven with said set of bottom 
machine direction yams; and 

10 pairs of first and second stitching yam extending in the cross machine direction, 

said first and second stitching yams of each pair being interwoven with said top and 
bottom machine direction yams such that, as a fiber support portion of said first stitching 
yam is interweaving with said top machine direction yams, a binding portion of said 
second stitching yam is positioned below said top machine direction yams, and such that 

15 as a fiber support portion of said second stitching yam is interweaving with said top 

machine direction yams, a binding portion of said first binding yam is positioned below 
said top machine direction yams, and such that said first and second yams cross each 
other as they pass below a transitional top machine direction yam, and such that each of 
said binding portions of said first and second stitching yams passes below at least one of 

20 said bottom machine direction yams; 

said fiber support portions of said stitching yams and said top machine direction 
yams defining a papennaking sinface, said papermaking sxirface including no more than 
33 percent of cross machine direction yams that fail to pass imder at least one bottom 
machine direction yam; 

25 (b) applying paper stock to said fabric; and 

(c) removing moisture firom said pap^ stock. 
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24. The method defined in Claim 23, wherein fiber support portions of 
first alternate pairs of stitching yams pass over a first group of alternate top machine 
direction yams and under a second group of alternate top machine direction yams, and 
fiber support portions of second alternate pairs of stitching yams pass over said second 
group of top machine direction yams and xmder said first group of alternate top machine 
direction yarns, said fiber support portions of said first and second alternate paurs of 
stitching yams, said first group of alternate top machine direction yams, and said second 
group of alternate machine direction yams form a plain weave top surface of said fabric. 

25. The method defined in Claim 23, wherein said top machine direction 
yams and said fiber support portions of said first and second stitching yams are 
interwoven in a repeating pattern such that each of said fiber support portions passes over 
a first pair of adjacent top machine direction yams, under a third top machine direction 
yam adjacent to said first pair, and over a second pair of top machine direction yams 
positioned adjacent said third top machine direction yam, and wherein fiber support 
portions of adjacent stitching yams pass over top machine direction yam pairs that are 
offset by one top machine direction yams such that said top machine direction yams and 
said fiber support portions of said first and second stitching yams form a 1x2 twill 
pattern. 

26. The papermaker*s fabric defined in Claim 23, wherein said 
papermaking siirface is free of cross machine direction yams that fail to pass below at 
least one bottom machine direction yaiiL 
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